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Description 

The present invention relates to a method for bonding insulating members such as resin parts on an industrial scale 
and in an economical process. More particularly, the present invention relates to a bonding method of a resin part, 
5 which enables use of a heating device which is safe in operation, stable in quality and free of hindrance by radio waves 
as it is made possible according to this method to use a high-frequency power source for heating with a relatively low 
easily available frequency, and to the heating device therefor. 

High-frequency induction heating method is known as a heat-bonding method for resin parts. This method is widely 
used in the industries as it is capable of uniform heating of conductive materials. For instance, this method is used for 
10 laminating insulating members of rubber or plastic on a conductive product such as steel pipe and steel plate, etc. It is 
further applied to bonding of the insulating members both of which are made of resin. In this case, since the resin is an 
insulating material, a conductive composite material containing a conductive substance such as iron powder as suscep- 
tor is incorporated as a heating-medium between resin parts to be bonded of the resin articles, and an alternating elec- 
tromagnetic field with a high frequency of 1 to 13 MHz is applied to the said heating-medium, thereby heating and fuse- 
15 bonding the insulating member. Such a method is disclosed in US 4,035,547. 

JP-A-55-61435 discloses the use of a high frequency field to bond polyolefin foam. 

With advancement of application of various resin as industrial material in recent years, the request has become 
acute for the improvement of the method of heat-bonding of the insulating members both of which are made of resin or 
the like. More specifically, it has become essential to reduce the thickness and size of the heating-medium itself in con- 
20 formrty to the reduction of thickness and size, and complication of geometry of the resin articles to be bonded, and 
therefore, an offer of a heating-medium having an excellent bonding effect is strongly demanded. 

Further, the decrease of content of the susceptor material which remains at the parts to be bonded (bonded parts) 
and tints blackish or brownish color is keenly required for realizing effective application of the bonding techniques for 
resins which have seen diversification in aesthetic quality such as light-coloring, transparentization, etc. 
25 A conductive metal powder is contained in the heating-medium used in the said bonding method by high-frequency 
induction heating. Iron powder is commonly used as the said conductive metal powder. Generally, the iron powder hav- 
ing small particle size tends to be oxidized, thereby gathering rust and lowering the conductivity thereof, so that there 
are used the relatively large particles which resist rust. 

This fact is mentioned in, for instance, Japanese Patent Publication No. 52-65 (1977), which states: "In the conven- 
30 tional induction heat-sealing methods, iron powder with relatively large particles, viz. the particles of 0.05 to 20 mils 
(0.001 to 0.5 mm) in diameter, has been generally used as susceptor in the composition of heating-medium." 

Rusting of the particles causes unfavorable phenomena such as lowering of heat-generating effect and reduction 
of bonding strength. Therefore, a rustproof material such as magnetic iron oxide particles or ferrite particles has been 
used as susceptor by some manufacturers. However, when using such a susceptor in the said high-frequency induction 
35 heating method, it becomes difficult to generate an eddy current because the magnetic iron oxide particles or ferrite par- 
ticles are a high-resistivity material, so that such magnetic iron oxide particles or ferrite particles are inferior in heating 
efficiency to metal powder such as iron powder for heating-medium. 

The conventional high-frequency induction heating is intended to covert the imposed electric energy into heat 
energy by inducing an eddy current in the heating-medium, so that it was necessary to use a high-frequency (several 
40 MHz) power source equipment. Also, in case of using a heating-medium comprising a magnetic complex of iron oxide 
particles or ferrite particles and a resin, it was necessary to use a high-frequency power source with a higher frequency 
than that required when using metal powder such as iron powder in order to generate eddy current. 

Thus, the conventional methods have the various problems such as insufficient operational safety and quality due 
to high frequency required for the high-frequency power source and the necessity of providing precautions for prevent- 
45 ing radiation hazard. 

As noted from the above statement, an offer of a resin-bonding method which is capable of effecting heat-bonding 
of insulating materials such as resins in a short time and enables use of a bonding apparatus which is safe in operation, 
stable in quality and free from radiation hazard, and a heating device used for such resin-bonding, are strongly 
demanded. 

so In a first aspect of the present invention, there is provided a method for bonding a resin part, the method comprising 
the steps of disposing a magnetic complex comprising a resin and magnetic particles selected from the group compris- 
ing iron oxide particles, ferrite particles and a mixture thereof as a heating medium at the resin part to be bonded, and 
applying an alternating magnetic field to said heating medium using a magnetic field generating means comprising a 
high-frequency power source operating at a frequency in the range of from 1 to 400 KHz, and a heating unit comprising 

55 an electromagnetic core and an exciting coil, and thereby making said heating medium generate heat for fuse-bonding 
said resin part to another part. 

The present invention also provides a heating medium for use in the method described above and comprising a 
magnetic complex material composed of a resin and magnetic particles selected from the group comprising iron oxide 
particles, ferrite particles and a mixture thereof and having a coercive force He of not less than 50 Oe, the content of 
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said magnetic particles in said heating medium being 0.1 - 90% by weight. 

The present invention further provides a bonded insulating member comprising a resin part, an insulating part 
made of plastic, heat-resistant fibre reinforced plastic, wood, glass or ceramic, and an adhesive layer comprising a mag- 
netic complex sandwich comprising a resin and magnetic particles selected from the group comprising iron oxide par- 

5 tides, ferrite particles and a mixture thereof between the other two layers; the part being produced by disposing said 
magnetic complex as a heating medium at the resin part to be bonded, and applying an alternating magnetic field to 
said heating medium using a magnetic field generating means comprising a high frequency power source operating at 
a frequency of from 1 to 400 KHz, and a heating unit comprising an electromagnetic core and an exciting coil. 

As a result of the present inventor's strenuous studies for fulfilling the said requirements, it has been found that it is 

10 possible to perform desired bonding in a short time by using a high-frequency power source with a relatively low fre- 
quency and a method comprising disposing a magnetic complex composed of a resin and magnetic particles as a heat- 
ing-medium between a resin part and an insulating part, and applying an alternating magnetic field to the said heating- 
medium by using a magnetic field generator of a relative low frequency as a heating unit for resin-bonding composed 
essentially of an electromagnetic core and an exciting coil to make the said heating-medium generate heat. 

15 The present invention will be further described hereinafter with reference to the following description of an exem- 
plary embodiment and the accompanying drawings, in which: 

Fig. 1 is a partial perspective view for illustrating the working principle of the device according to the present inven- 
tion. 

20 Figs. 2, 3 and 4 are the drawings illustrating Examples 1, 2 and 3, respectively, of the device according to the 
present invention (Figs. 2 and 4 being partial perspective views and Fig. 3 a partial front view). 

Bonding to the present invention is carried out by the heat which is caused by magnetic hysteresis loss due to the 
alternating magnetic field. 

25 The heating-medium used in the present invention is a magnetic complex comprising magnetic particles and a 
resin. 

As magnetic particles, there can be used magnetic iron oxide particles, ferrite particles and a mixture thereof. 
These magnetic particles have a coercive force of not less than 50 Oe (1 Oe = 10 3 /4rc A m' 1 ). It is preferred to use those 
magnetic particles which (1) have a coercive force of 50-200 Oe and a saturation magnetization cr s of not less than 50 
30 emu/g (A m 2 /kg), or (2) have a coercive force of more than 200 Oe and a saturation magnetization a 8 of not less than 
45 emu/g. The shape of the magnetic particles used in the present invention is no restriction, and cubic particles, spher- 
ical particle, acicular particles and hexagonal particles are preferred. In case of the cubic particles and spherical parti- 
cles, particles having an average particle diameter of not less than 0.1 pm are more preferred. In case of the acicular 
particles, particles having an average major axis of not less than 0.05 \im and an average minor axis of not less than 
35 0.01 Jim are more preferred. In case of the hexagonal particles, particles having an average particle diameter of not less 
than 0.5 \ivn are more preferred. 

As the resin of a constituent of the heating-medium according to the present invention, there can be used thermo- 
plastic resins such as polypropylene, polyethylene, polyvinyl chloride, polystyrene, propylene copolymer, ethylene 
copolymer, vinyl chloride copolymer, styrene copolymer, etc.; and thermosetting resins such as melamine resins, phe- 
40 nolic resins, epoxy resins, unsaturated polyesters, etc. 

The heating-medium used in the present invention is not electroconductive, and has a coercive force He of not less 
than 50. The heating -medium having a maximum magnetic flux density Bm of not lower than 1 ,000 G, preferably not 
lower than 1,200 G and/or a residual magnetic flux density/coercive force (Br/Hc) ratio of not less than 1.3, preferably 
not less than 1 .5 is preferred. A coercive force He of less than 50 Oe results in a too small magnetic loss. When the 
45 maximum flux density Bm of the heating-medium is less than 1 ,000 G or the Br/Hc ratio is less than 1 .3, it tend to obtain 
an insufficient degree of heat generation because of too small magnetic hysteresis loss. 

The ratio of magnetic particles to resin in the heating-medium according to the present invention may be selected 
so as to have a coercive force He of not less than 50 Oe, preferably to have a maximal flux density Bm of not lower than 
1 ,000 and a Br/Hc ratio of not less than 1 .3, while taking into consideration the magnetic properties of the magnetic par- 
se tides, and dispersibility and filling quality of the magnetic particles in the resin. Generally, the content of magnetic par- 
ticles in the heating-medium may be from 0.1 to 90% by weight. However, (1) in case of using magnetic partides having 
a coercive force of 50-200 Oe, the said content of the magnetic particles in the heating-medium is preferably within the 
range of 50 - 90% by weight, more preferably 55 - 85% by weight, and (2) in case of using magnetic particles having a 
coercive force of more than 200 Oe, the said content of the magnetic particles in the heating-medium is preferably 
55 within the range of not less than 0. 1% by weight to less than 50% by weight, more preferably 5 - 30% by weight. When 
the content of magnetic partides in the heating-medium is less than 0.1% by weight rt is hardly possible to obtain a 
heating-medium having the desired properties described above, and the obtained heating-medium may be unable to 
have a sufficient heat-generating effect in a short time as intended in the present invention. On the other hand, when 
the said content exceeds 90% by weight, filling and dispersion of magnetic particles in resin become difficult. 
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The heating-medium used in the present invention may be either of a paste form or in a solid form. When the heat- 
ing-medium is used in a solid form, its shape such as pellet-like, sheet-like, etc., may be properly selected in conformity 
to the geometry of the parts to be bonded. 

in use of the magnetic particles as susceptor in the present invention it is necessary to have a good harmony 
5 between the magnetic properties of the susceptor or the magnetic complex in which the susceptor is dispersed and the 
intensity of the magnetic field generated by the alternating magnetic field generating power source. In other words, it is 
necessary to apply to the heating-medium an alternating magnetic field of a greater intensity than coercive force pos- 
sessed by the susceptor or the magnetic complex in which the susceptor is dispersed. By applying a magnetic field 
which is 1 to 1 5 times stronger than the coercive force of the magnetic complex, it is possible to derive a sufficient hys- 
10 teresis loss from the susceptor. When the intensity of the magnetic field applied is less than 1 time the coercive force 
of the susceptor, the heat generating efficiency is intolerably low. When the intensity of a magnetic field applied is more 
than 15 times the coercive force of the susceptor, the heat generating efficiency is little influence. Considering saving 
of labor and simplification of apparatus, it is preferable to apply a magnetic field with an intensity which is about 2 to 10 
times, more preferably 5 to 1 0 times the coercive force of the magnetic complex. 
15 In the present invention, it is imperative to apply the said alternating magnetic field by using a magnetic field gen- 
erator as a heating device for resin-bonding comprising a high-frequency power source and a heating unit connected 
thereto and composed essentially of an electromagnetic core and an exciting coil. 

The heating device for resin-bonding according to the present invention (hereinafter referred to as the device of the 
present invention) will be described in detail with reference to the accompanying drawings. 
20 Fig. 1 is a partial perspective view showing an instance of structural arrangement of the device of the present inven- 
tion for illustrating its operational principle. 

For instance, the device of the present invention, as illustrated in Fig. 1 , comprises a heating unit composed of a 
pair of mating E-type electromagnetic core segments 1 and an exciting coil 2, and a high-frequency power source 5. 
The high-frequency power sources is connected to the said exerting coil 2 by lead wires. 
25 Resin parts 3 as an insulating material to be bonded, sandwiching a heating-medium containing magnetic particles 
therebetween, are set in the gap 4 between the opposing magnetic poles of the said heating unit composed essentially 
of electromagnetic core 1 and the exciting coil 2. When an alternating magnetic field is applied to the said heating 
medium from the high-frequency power source 5, there is produced a corresponding alternating magnetic field in the 
heating-medium at high efficiency. Thus, this device makes it possible to use a high-frequency power source with a rel- 
30 atively lower frequency such as not more than 400 KHz. 

Heating power Ph(W) generated by hysteresis is greatly affected by flux density as shown in the following equation: 

Ph = Ti-f -Bm 16 V 

35 T] : hysteresis coefficient 

f : frequency of alternating magnetic field 

Bm : maximal flux density 

V : volume of the object to be heated 

40 Thus, according to the device of the present invention using a heatig unit comprising an electromagnetic core and 
an exciting coil, the generated alternating magnetic field is converged by a magnetic substance such as electromag- 
netic core to increase magnetic flux of the magnetic field applied to the heating-medium, which enables high-efficiency 
heat generation in a short time. When using an electromagnetic core for the heating unit, the generated magnetic field 
increases at a multiple proportion to relative permeability, which is not used in the conventional induction heating. 

45 Therefore, according to the present invention, the frequency required for the high-frequency power source can be as 
low as 1 to 400 KHz, and as a result, an offer of a heating device for resin-bonding which is essentially free from the 
radiation hazard, small in size of the whole system including the power source, hence reduced in manufacturing cost, 
low in impedance of the whole system, and also improved in operational safety, can be actualized. 

Another example of the heating device for resin-bonding according to the present invention is described below. 

so Fig. 2 is a partial perspective view of this device. The device comprises a pair of electromagnetic cores 1 each of 
which are composed of three equal segments each of which the segments are composed of two U-shaped electromag- 
netic core members (material: H7C4, type: UU80, mfd. by TDK Corporation). In one of the said pair of electromagnetic 
cores 1, a copper tube of 4 mm in diameter is coiled seven turns around the lugs to constitute an exciting coil 2. Then 
the said two pair of electromagnetic cores 1 are disposed in opposed relation to each other to form an integrate heating 

55 unit as shown in Fig. 2. The inter-pole gap 4 formed at the center of the said heating device measures 40 mm in width 
of end face, 90 mm in length and 20 mm in space span between the opposing poles. In the above heating device, both 
ends of the copper tube forming the exciting coil 2 are connected to a high-frequency power source unit (HI-HEATER 
1050, mfd. by Daiichi High Frequency Co., Ltd.) by using lead wires. 

Fig. 3 is a partial front view of the heating device in another embodiment according to the present invention. This 
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device comprises a combination of U-shaped and l-shaped electromagnetic cores 1 (material: H7C4, type: UI80, mfd. 
by TDK Corporation). A copper tube of 4 mm in diameter is coiled twelve turns around the central portion (top of the 
core in the drawing) of the U-shaped core, and an l-shaped core is disposed in opposed relation to said U-shaped core 
to constitute a heating unit. In this heating unit, the pole end face of the U-shaped core measures 20 mm x 30 mm, and 
5 the lenght of gap 4 between the opposing poles can be changed as desired. In this heating unit, the ends of the exciting 
coil 2 are connected to a high-frequency power source 5 in the same way as the first<Jescribed embodiment of the 
present invention. 

Fig. 4 is a partial perspective illustration of the device in other embodiment of the present invention comprising a 
single l-shaped electromagnetic core 1 (material: H7C4, type: EI-70, mfd. by TDK Corporation) around which a copper 
10 tube of 4 mm in diameter is coiled eight turns to constitute a heating unit. The pole end face of this heating unit is 
square-shaped and measures 30 mm x 10 mm. The ends of the exciting coil 2 in this heating unit are connected to a 
high-frequency power source 5 via lead wires as in the f irst-described embodiment of the present invention. 

In accordance with the present invention, a magnetic complex comprising a resin and magnetic particles is used 
as heating-medium, and by applying a converging alternating magnetic field to the said heating-medium by using a 
is magnetic field generator composed essentially of an electromagnetic core and an exciting coil, it is possible to effectu- 
ate fusion or curing of resin in a short time. 

Also, according to the resin-bonding method of the present invention, it is possible to use a high-frequency power 
source unit in a low frequency region, especially a frequency of 1 to 400 KHz, which is free from the radiation hazard. 
Further, in case of using a heating-medium containing as its susceptor the magnetic particles having a coercive force 
20 He of more than 200 Oe, the content of magnetic particles in the heating-medium can be minimized owing to the excel- 
lent heat-generating effect. 

Moreover, according to the device of the present invention, there is little possibility of generating an eddy current 
because of use of a high-frequency power source in a relatively low frequency region such as 1 to 400 KHz, and since 
heat generation relies principally on magnetic hysteresis loss, the heating value depends on the electromagnetic prop- 

25 erties of the magnetic complex constituting the heating medium, so that the heating temperature for the adherend can 
be easily and optionally controlled by properly selecting the magnetic properties of the heating-medium. 

The resin-bonding method according to the present invention is capable of fuse-bonding of resins such as thermo- 
plastic resins, thermosetting resins and FRP. It also enables bonding of insulating adherends no matter whether both of 
the adherends are resin or whether one of them is resin and the other is a material other than resin such as wood, heat- 

30 resistant fiber reinforced plastics, glass, ceramics and the like. 

Still further, when using resin and magnetic particles having a coercive force of more than 200 Oe, since heat gen- 
eration is induced by a magnetic field generator composed of an electromagnetic core and a conductive material, heat- 
ing necessary for bonding is facilitated and the content of magnetic particles in the magnetic complex can be reduced. 
This leads to an improvement of resin-bonding performance, reduction in layer thickness of heating-medium, reduction 

35 in size of working apparatus, and expansion of the scope of application of resins. 

Moreover, since the device of the present invention is safe in operation, stable in quality and free from the radiation 
hazard owing to enabled use of a high-frequency power source in a low frequency region of 1 to 400 KHz, especially a 
frequency of 1 to 100 KHz, the reduction in size of equipment and simplification of incidental equipment can be realized, 
and other industrial and economical advantages. 

40 Since the device of the present invention is designed for causing fusion or curing of resins by heating a heating- 
medium, it can not only be used for resin-bonding but can as effectively be utilized as a heating means for effecting 
fusion, curing or molding of resins. 

EXAMPLES 

45 

The present invention is explained in more detail in the following Examples; however, it should be recognized that 
the scope of the present invention is not restricted to these Examples. 

The electrical properties of the magnetic particles and heating-medium used in the present invention were shown 
by the numeral values determined by a high resistance meter, and the magnetic properties were shown by the numeral 
so values determined by a vibrating sample magnetometer. The alternating magnetic field was shown by a figure calcu- 
lated from the measured value of high frequency voltage applied to the magnetic field generator, and the frequency was 
shown by a value obtained by observing the high frequency waveform with a synchroscope. 

Preparation of heating-medium 

55 

Heating-medium 1 

To 50 g of propylene block copolymer (J-609H, mfd. by Ube Industries Ltd.) was added 80% by weight of 
maghemite particles having an specific resistance of 10 12 frcm, coercive force He of 130 Oe and saturation magnetiza- 
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tion <7 S of 80 emu/g, and the resultant mixture was kneaded at 180°C for 5 minutes by using a pair of heated rolls. The 
kneaded substance was dispersed, heated to and kept at 200°C for 5 minutes by a hot press, and then cooled by a cold 
press for 5 minutes to prepare a 100 mm x 100 mm x 0.3 mm thick heat generating sheet for bonding (heating-medium). 
The main producing conditions and magnetic properties of the heating -medium 1 thus obtained are shown in Table 

5 1. 

Heating-media 2 - 6 

Heating sheets for bonding (heating-media) were prepared in the same way as in the case of preparation of the 
w heating-medium 1 except for change of the kind of resin, the kind and mixing ratio of magnetic particles and the tem- 
perature of heated rolls. 

The main producing conditions and magnetic properties of the heating-media thus obtained are shown in Table 1. 
Heating-medium 7 

15 

To 50 g of one-pack type epoxy resin was added 50% by weight of the same magnetic particles as used in prepa- 
ration of heating-medium 1 to form a paste-like heating-mediam. 

Example 1 

Two polypropylene sheets (20 mm in wide, 50 mm in length) sandwiched therebetween were placed under pres- 
sure between a pair of E type electromagnetic cores, with the sections of the said sheets to be bonded being positioned 
in register with the magnetic path forming portions constituted by the said pair of electromagnetic cores each of which 
was made of a sintered body of manganese zinc ferrite and one of which had a coil made of conductive bars therein, 
and then an alternating magnetic field was applied thereto under the electrical conditions shown in Table 2. The joining 
parts of the said sheets were fused together in 25 seconds and the two sheets were bonded fast to each other. 

Examples 2 - 7 and Comparative Examples 1 and 2 

30 Sheet bonding was carried out in the same way as Example 1 except for change of the kind of heating-medium, the 
kind of adhered material, and working conditions such as electrical conditions and alternating magnetic field applied. 
The kinds of heating-medium and adhered material used and the working conditions used in the above operations are 
shown in Table 2. The joins of resin sheets in Examples 2 - 7 were fast and strong as in the case of Example 1 . 
The joints of resin sheets in Comparative Examples 1 and 2 were still loose and slack. 
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Tab^e 1 



5 


Heating 
medium 


kind of resin 


Kind of mag- 
netic particles 


Content of 
magnetic particle 

(wt%) 




10 
15 


1 


Propylene block 
copolymer (J-609H 
iillu . Dy UDe 
Industries Ltd.) 


Maghemite 
particles having 
He = 130 Oe 
-us = o vi emu./ y 
Average particle 
diameter = 0.25ym 


80 






2 


ditto 


ditto 


60 




20 


3 


ditto 


Maghemite 
particles having 
He = 180 Oe 
as = 75 emu/g 
Average particle 
diameter » 0.26Um 


80 




25 
30 


4 


Low- density 'poly- 
ethylene (F-022 
mfd. by Ube 
Industries Ltd,) 


Maghemite 
particles having 
He » 60 Oe 
as = 72 emu/g 
Average particle 
diameter 0.23Um 


70 




35 


5 


ditto 


Magnetite 
particles having 
He = 100 Oe 
as - 87 emu/g 
Average particle 
diameter = 0.25Vm 


75 




40 


6 


ditto 


nay I lcmx uc 

particles having 
He = 430 Oe 
as = 72 emu/g 
Major axis/minor 
axis = 0.1Vim/0.02vim 


80 




45 


7 


Epoxy resin 


Maghemite 
particles having 
He » 130 Oe 
as - 80 emu/g 
Average particle 
diameter = 0.25ym 


50 





50 



55 
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Table 1 (Cont'd) 





Heated 

roll 

temp. 

(°C) 


Electromagnetic properties 
of heating -medium 


Hc(Oe) 


Bm(G) 


Br/Hc 




180 


142 


1920 


3.1 




180 


150 


1460 


2.8 




180 


185 


2100 


1.7 




160 


86 


1610 


4.3 




160 


115 


2530 


2.0 




160 


450 


2200 


0.52 






120 


1200 


1.5 
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Table 2 





Mealing 
medium 


Resin 


Electrical conditions 


Exciting field application condi- 
tions 








Electric 
power (KW) 


Frequency 
(KHz) 


Alternating 
field (Oe) 


Duration of 
application 
(sec) 


Example 1 


1 


Polypropylene 
sheet 


3.6 


95 


1200 


20 


2 


1 


ditto 


2.8 


80 


1000 


30 


3 


1 


ditto 


2.1 


50 


1000 


30 


4 


2 


ditto 


3.6 


80 


1200 


50 


5 


3 


ditto 


2.8 


80 


1200 


20 


6 


4 


Polyethylene 
sheet 


2.8 


80 


1000 


60 \ 


7 


5 


ditto 


3.6 


95 


1000 


40 


Comp. Exam- 
ple 1 


6 


Polyethylene 
sheet 


3.6 


100 


1100 


150 (unbonda- 
ble) 


2 


1 


ditto 


6.0 


1 MHz 


1200 


ditto 



Exaole 8 

30 

30 g of cubic magnetite (coercive force: 220 Oe) and 70 g of propylene block copolymer (m.p.: 164°C, mfd. by Ube 
Industries Ltd.) were mixed and kneaded by heated rolls for 5 minutes and the mixture was molded into a 0.5 mm thick 
sheet by a hot press. 

This sheet was placed between the gap of the core of a heating device (mfd. by Daiichi High Frequency Co., Ltd.) 
35 comprising an E-type ferrrte core and a copper coil, and having a high-frequency power source. Then the power source 
was turned on at an output of 0.4 KW arts a frequency of 90 KHz to generate an alternating magnetic field, and the tem- 
perature of the sheet was measured by a copper-constantan thermocouple. The temperature rose to 180°C in 60 sec- 
onds and kept at this level. 

The sheet was held between a pair of polypropylene plates (3 mm in thickness, m.p.: 1 64°C, mfd. by Ube Industries 
40 Ltd.), and heat was generated under the above-said conditions. As a result, the interface of the sheet and each poly- 
propylene plate was fused and bonded fast. 

The bonding conditions and the results of heat generation treatment are shown in Table 3. 

Examples 9- 12 

45 

Heat generation and bonding operations were carried out according to the same procedure as Example 8 except 
that the kind and content of magnetic powder and the electrical conditions were changed. 
The bonding conditions and the results of the operations are shown in Table 3. 

so Example 14 

10 g of acicular maghemite particles (coercive force: 420 Oe) and 90 g of a one-pack type thermosetting epoxy 
resin adhesive were mixed to prepare a paste in which particles were dispersed uniformly in liquid resin. This paste was 
sandwiched between a pair of glass plates (1 mm in thickness, mfd. by Matunami slide Glass Co., Ltd.) so as to have a 
55 thickness of 0.5 mm. The assembly was placed in the heating device used in Example 8. Then an alternating magnetic 
field was generated under the conditions of an output of 0.5 KW and a frequency of 95 KHz, and the paste temperature 
was measured by a copper-constantan thermocouple. The paste was heated to 1 30°C in 1 2 seconds and remained sta- 
ble at this temperature. Also, the paste was hardened and the glass plates were bonded fast to each other. 
The bonding conditions and the results of the heat generating operation are shown in Table 4. 
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Examples 15-19 

The heat generation and bonding operations were performed according to the same procedure as Example 14 
except that the kind and content of magnetic powder and the electrical conditions were changed. In each case, the 
glass plates were bonded fast to each other. The bonding conditions and the results of heat generation are shown in 
Table 4. 

TaMe 3 





Heating - medium 




Magnetic particles 


Resin 




Content 
of 

magnetic 
parti- 
cles 
(wt%) 




Kind 


Shape 
and 
particle 
size 


Coercive 
force 
(HC) 


Kind 


Softening 
point 
(°C) 


Example 8 


Magnetite 


cubic 

Average 

particle 


220 


Polypropylene 


164 


30 




9 


Magnetite 


AclcuXax 
Major axis/ 
minor axis* 
0.lUa/p.02lUB 


370 


ditto 


164 


20 




10 


Maghemite 


ditto 


420 


ditto 


164 


20 




11 


Maghemi te 


ditto 


580 


ditto 


164 


15 




12 


Maghemite 


ditto 


630 


ditto 


164 


10 




13 


Barium 
f errite 


Hexagonal 
Major axis/ 
minor axle* 
0.6ura/0.1ym 


3000 


ditto 


164 


0.5 
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Table 3 f Cont'd) 





Electrical 
conditions 


Ultimate 
(°C) 


Time 
required 
(sec) 




Frequency 
(KHz) 


Magnetic 
field 
(Oe) 




90 


850 


180 


60 




90 


850 


175 


53 




90 


850 


180 


20 




90 


1500 


180 


16 




90 


1500 


180 


10 




90 


6000 


170 


15 
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5 








Heating 


-medium 




10 




Magnetic particles 


Resin 


Content, 
of 


15 
20 




Kind 


.Shape 

and 
particle 
size 


V»W O & W X V V 

force 
(HC) 


Kind 


magnetic 
parti- 
cles — 
(wt%) 


Example 
14 


Maghemi te 


Acicular 
Major axi»/ 
minor axis m 
0.1is/0.02ym 


420 


One -pack type epoxy 
resin 


10 
















15 


Maghemi te 


ditto 


580 


ditto 


10 


25 


16 


Maghemi te 


ditto 


630 


ditto 


10 


30 


17 


Barium 
f errite 


Hexagonal 
Major »«!»/ 
ninor axls- 
O.fiio/O.lva 


3000 


ditto 


3 


18 


Magnetite 


Cubic 


220 


ditto 


30 


35 


19 


Magnetite 


Acicular 
Major axis/ 
cinor axJ !■ 
0.1Ub/0.02u=i 


37 0 


ditto 


30 



40 



45 



50 
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Table 4 (Cont'd) 



10 


Electrical 
conditions 


Ultimate 


Time 


IS 


Frequency 
(KHz) 


Magnetic 
field 
(Oe) 


temp. 
(°C) 


requzrea 
(sec) 




95 


1500 


130 


lz 


20 


95 


1500 


140 


10 


25 


95 


1500 


1 80 

J.OU 


10 


30 


95 


6000 


200 


8 




95 


800 


130 


30 


35 


95 


800 


140 


24 



40 



Example 20 

45 By using the heating device shown in Fig. 2, the parts to be bonded of two polypropylene sheets (20 mm in wide, 
50 mm in long and 5 mm in thickness) with a heating-medium sandwiched therebetween were placed in gap 4, and then 
an alternating magnetic field was applied thereto under the electrical conditions shown in Table 5 while passing cooling 
water through exciting coil 2. The parts were fused together in 20 seconds and the two sheets were bonded fast to each 
other. 

50 

Examples 21 - 27 and Comparative Examples 3 and 4 

Heat-bonding operations were conducted by following the same procedure as Example 20 except for change of the 
kind of heating unit, kind of heating-medium, kind of adhered, and bonding conditions such as alternating magnetic field 
55 applied. The main operating conditions are shown in Table 5. The joined resin parts in Examples 21-27 were bonded 
together strongly as in Example 20. 

By using a Hair Pin type heating coil without magnetic core in Comparative Example 3, heat-bonding operation was 
conducted according to the same procedure as Example 20. 

By using a multiturn heating coil without magnetic core in Comparative Example 4, heat-bonding operation was 
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conducted according to the same procedure as Example 20. 

In the Comparative Examples 3 and 4, there occurred no sufficient heat generation even when 150 seconds 
passed after application of alternating magnetic field, and the joined resin parts remained unbonded. 



Whig s 





Kind of 
heating device 


Heating 
medium 


Adhered 
Material 




Example 20 


Fig. 2 


1 


Polypropylene 
sheet 




21 


Fig. 3 


1 


ditto , I 




22 


Fig. 4 


1 


ditto 




| 23 


Fig. 2 


2 


ditto 




24 


Fig. 3 


3 


ditto 




25 


Fig. 3 


4 


Polyethylene 
sheet 




26 


Fig. 2 


5 


ditto 




27 


Fig. 2 


7 


Polypropylene 
sheet 




Comp. 
Example 5 


Hairpin type 
heating coil 


1 


polypr opy 1 ene 
sheet 




6 


Multi-turn type 
heating coil 


4 


Polyethylene 
sheet 
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Table 5 (Cont'd) 



5 





Electrical 
conditions 


Magnetic field appli- 
cation conditions 


10 


Power 
(KW) 


Frequency 
(KHz) 


Alternating 
field 
(Oe) 


Duration of 
application 
(sec) 


15 


3.6 


80 


1200 


20 




2.8 


50 


1000 


30 


20 — 












2.1 


50 


1000 


60 


25 


3.6 


30 


1200 


50 




2.8 


60 


1200 


20 


30 


2.8 


10 


1000 


60 


35 


3.6 


20 


1000 


40 




3.0 


50 


1200 


20 


40 


3.6 


80 


1100 


150 

(not bonded) 


45 


6.0 


50 


1200 


ditto 



Claims 

1 . A method for bonding a resin part (3), the method comprising the steps of disposing a magnetic complex compris- 
55 ing a resin and magnetic particles selected from the group comprising iron oxide particles, ferrrte particles and mix- 
ture thereof as a heating medium at the resin part to be bonded, and applying an alternating magnetic field to said 
heating medium using a magnetic field generating means comprising a high-frequency power source (5) operating 
at a frequency in the range of from 1 to 400 KHz, and a heating unit comprising an electromagnetic core (1) and an 
exciting coil (2), and thereby making said heating medium generate heat for fuse-bonding said resin part to another 
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part. 



2. A method according to claim 1, wherein said heating medium has a coercive force He of not less than 50 Oe. 



5 3. A method according to claims 1 or 2, wherein said magnetic particles have a coercive force He of not less than 50 
Oe and the content of said magnetic particles in said heating medium is in the range of from 0.1% to 90% by 
weight. 

4. A method according to claim 1 , 2 or 3, wherein said resin is selected from the group comprising polyethylene, poly- 
10 propylene, polyvinyl chloride, polystyrene, ethylene copolymer, propylene copolymer, vinyl chloride copolymer, sty- 

rene copolymer, melamine resins, phenolic resins, epoxy resins and unsaturated polyesters. 

5. A method according to any one of the preceding claims, wherein the intensity of said alternating magnetic field is 
in the range of from 1 to 15 times the coercive force He of the heating medium. 

15 

6. A heating medium for use in a method according to any one of the preceding claims comprising a magnetic com- 
plex material composed of a resin and magnetic particles selected from the group comprising iron oxide particles, 
ferrite particles and a mixture thereof and having a coercive force He of not less than 50 Oe, the content of said 
magnetic particles in said heating medium being 0.1 - 90% weight. 

20 

7. A heating medium according to claim 6, or a method according to any one of claims 1 to 5, wherein said heating 
medium has a maximum flux density Bm of not less than 1 ,000 G. 

8. A heating medium according to claim 6, 7 or a method according to any one of claims 1 to 5. wherein said heating 
25 medium has a residual flux density/coercive force (Br/Hc) ratio of not less than 1 .3. 

9. A heating medium according to claim 6, 7 or 8, or a method according to any one of claims 1 to 5, wherein said 
magnetic particles have a coercive force He of 50 to 200 Oe and the content of said magnetic particles in said heat- 
ing medium is 50 to 90% by weight. 

30 

10. A heating medium according to claim 6, 7 or 8, or a method according to any one of claims 1 to 5, wherein said 
magnetic particles have a coercive force of more than 200 Oe and the content of said magnetic particles in said 
heating medium is in the range from 0.1% by weight to 50% by weight. 

35 11. A heating device for resin bonding, which comprises a high-frequency power source (5), and a heating unit con- 
nected to the said high-frequency power source comprising an electromagnetic core (1) and an exciting coil (2). 

12. A bonded insulating member comprising a resin part, an insulating part made of plastic, heat-resistant fibre rein- 
forced plastic, wood, glass or ceramic, and an adhesive layer comprising a magnetic complex sandwich comprising 
40 a resin and magnetic particles selected from the group comprising iron oxide particles, ferrite particles and a mix- 
ture thereof between the other two layers; the part being produced by disposing said magnetic complex as a heat- 
ing medium at the resin part to be bonded, and applying an alternating magnetic field to said heating medium using 
a magnetic field generating means comprising a high frequency power source operating (5) at a frequency of from 
1 to 400 KHz, and a heating unit comprising an electromagnetic core (1) and an exciting coil (2). 

45 

PatentansprGche 

1 . Verfahren zum Verbinden eines Harzteils (3), welches folgende Schritte umfaBt: 

so Anordnen eines magnetischen Verbundmaterials, das ein Harz und aus der Eisenoxidteilchen, Ferritteilchen 

und ein Gemisch davon umfassenden Gruppe ausgewShlte magnetische Teilchen umfaBt, als Heizmedium an 
dem zu verbindenden Harzteil und Anlegen eines magnetischen Wechselfeldes an das Heizmedium, wobei 
eine ein Magnetfeld erzeugende Vorrichtung verwendet wird, welche eine Hochfrequenzstromquelle (5), die in 
einem Frequenzbereich von 1 bis 400 KHz arbeitet, und eine Heizeinheit, die einen elektromagnetischen Kern 

55 (1) und eine Erregerspule (2) umfaBt, wodurch das Heizmedium zur Erzeugung von Warme for das Schmelz- 

verbinden des Harzteils mit einem anderen Teil veranlaBt wird. 



2. Verfahren gemaB Anspruch 1 , wobei das Heizmedium eine Koerzitivkraft He von nicht weniger als 50 Oe hat. 
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3. Verfahren gemaB Anspruch 1 oder 2, wobei die magnetischen Teilchen eine Kberzitivkraft He von nicht weniger als 
50 Oe haben und der Gehalt an den magnetischen Teilchen in dem Heizmedium in einem Bereich von 0,1 bis 90 
Gew.-% liegt. 

5 4. Verfahren gemaB Anspruch 1, 2 oder 3, wobei das Harz aus der Polyethylen, Polypropylen, Polyvinylchlorid, Poly- 
styrol, Ethylencopolymer, Propyl encopolymer, Vinylchloridcopolymer, Styrolcopolymer, Melaminharze, Phenol- 
harze, Epoxyharze und ungesattigte Polyester umfassenden Gruppe ausgewahlt ist. 

5. Verfahren gemaB einem der vorherigen Anspruche, wobei die Intensitat des magnetischen Wechselfeldes im 
10 Bereich des 1 - bis 1 5-fachen der Koerzitivkraft He des Heizmediums liegt. 

6. Heizmedium zur Verwendung in einem Verfahren gemaB einem der vorherigen Anspruche, welches ein magneti- 
sches Verbundmaterial umfaBt, das ein Harz und magnetische Teilchen, die aus der Eisenoxidteilchen, Ferritteil- 
chen und ein Gemisch davon umfassenden Gruppe ausgewahlt sind, einschlieBt und das eine Koerzitivkraft He 

is von nicht weniger als 50 Oe aufweist, wobei der Gehalt an den magnetischen Teilchen in dem Heizmedium 0, 1 bis 
90 Gew.-%betragt. 

7. Heizmedium gemaB Anspruch 6 oder Verfahren gemaB einem der Anspruche 1 bis 5, wobei das Heizmedium eine 
maximale FluBdichte Bm von nicht weniger als 1000 G aufweist. 

20 

8. Heizmedium gemaB Anspruch 6 oder 7 oder Verfahren gemaB einem der Anspruche 1 bis 5, wobei das Heizme- 
dium ein Verhaltnis von Remanenz-FluBdichte zu Koerzitivkraft (Br/Hc) von nicht weniger als 1 .3 aufweist. 

9. Heizmedium gemaB Anspruch 6, 7 oder 8 oder Verfahren gemaB einem der Anspruche 1 bis 5, wobei die magne- 
25 tischen Teilchen eine Koerzitivkraft He von 50 bis 200 Oe aufweisen und der Gehalt an magnetischen Teilchen in 

dem Heizmedium 50 bis 90 Gew.-% betragt. 

10. Heizmedium gemaB Anspruch 6, 7 oder 8 oder Verfahren gemaB einem der Anspruche 1 bis 5, wobei die magne- 
tischen Teilchen eine Koerzitivkraft von mehr als 200 Oe aufweisen und der Gehalt an magnetischen Teilchen in 

30 dem Heizmedium in einem Bereich von 0,1 bis 50 Gew.-% liegt. 

11. Heizvorrichtung zum Verbinden von Harzen, welche eine Hochfrequenzstromquelle (5) und eine Heizeinheit 
umfaBt, die mit der Hochfrequenzstromquelle verbunden ist und einen elektromagnetischen Kern (1) und eine 
Erregerspule (2) umfaBt. 

35 

12. Verbundenes Isolierelement, das ein Harzteil, ein Isolierteil aus Kunststoff, warmebestandigem faserverstarkten 
Kunststoff, Holz, Glas oder Keramik und eine Klebeschicht enthait, welche ein magnetisches Verbundmaterial, das 
ein Harz und magnetische Teilchen umfaBt, die aus der Eisenoxidteilchen, Ferritteilchen und ein Gemisch davon 
umfassenden Gruppe ausgewahlt sind, eingelagert zwischen den anderen zwei Schichten umfaBt, wobei das Teil 

40 durch Anordnen des magnetischen Verbundmaterials als Heizmedium an dem zu verbindenden Harzteil und durch 
Anlegen eines magnetischen Wechselfeldes an das Heizmedium hergestellt wird, wobei eine ein Magnetfeld 
erzeugende Vorrichtung, die eine bei einer Frequenz von 1 bis 400 KHz arbeitende Hochfrequenzstromquelle (5) 
und eine einen elektromagnetischen Kern (1) und eine Erregerspule (2) umfassende Heizeinheit umfaBt, verwen- 
det wird. 

45 

Revendications 

1 . Proc6de de collage d'une piece en r6sine (3), proc&te comportant les 6tapes consistant a disposer d'un complexe 
magnetique comportant une resine et des particules magn6tiques choisies dans le groupe comprenant des parti- 

so cules d'oxyde de fer, des particules de ferrite et leur melange comme materiau chauffant pour chauffer la pi6ce en 
r6sine a coller, et a appliquer un champ magnetique alternatif audit materiau chauffant en utilisant des moyens de 
generation d'un champ magnetique comportant une source de puissance a haute frequence (5) operant a une fre- 
quence allant de 1 a 400 kHz, et un organe de chauffage comprenant un noyau glectromagnetique (1) et une 
bobine inductrice (2), et faire ainsi en sorte que ledrt materiau chauffant g6nere de la chaleur pour coller, par fusion, 

55 ladlte piece en resine a une autre piece. 

2. Proc6d6 selon la revendication 1 , dans lequel ledit matgriau chauffant a une force coercitive He non inf erieure k 50 
Oe. 
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3. Procede seton les revendi cations 1 ou 2, dans lequel lesdites particules magnetiques ont une force coercitive He 
inf erieure a 50 Oe et la teneur desdites particules magnetiques dans ledit materiau chauffant est dans la proportion 
de 0,1% a 90% en poids. 

5 4. Procede selon la revendication 1 , 2 ou 3, dans lequel on choisit ladite resine dans le groupe comportant polyethy- 
lene, polypropylene, chlorure de poiyvinyle, polystyrene, copolymere d'ethylene, copolymere de propylene, copo- 
lymere de chlorure de vinyle, copolymere de styrene, resines de melamine, resines phenoliques, resines epoxydes 
et polyesters insatures. 

10 5. Procede selon Tune quelconque des revendications precedentes, dans lequel I'intensrte dudit champ magnetique 
alternatif se situe sur la plage allant de 1 a 15 fois la force coercitive He du materiau chauffant. 

6. Materiau chauffant pour emploi dans un procede conforme a Tune quelconque des revendications precedentes, 
comportant un materiau complexe magnetique compose d'une resine et de particules magnetiques choisies dans 

15 le groupe comprenant des particules d'oxyde de fer, des particules de ferrite et leur melange et ayant une force 
coercitive He non inf erieure a 50 Oe, la proportion desdites particules magnetiques dans ledit materiau chauffant 
etant de 0,1 a 90% en poids. 

7. Materiau chauffant selon la revendication 6, ou selon un procede conforme a Tune quelconque des revendications 
20 1 a 5, dans lequel ledit materiau chauffant a une densite de flux maximale Bm non inf erieure a 1 000 G. 

8. Materiau chauffant selon la revendication 6, 7 ou selon un procede conforme a Tune quelconque des revendica- 
tions 1 a 5, dans lequel ledit materiau chauffant a un rapport densite de flux residuelle/force coercitive (Br/Hc) non 
inf erieur a 1 ,3. 

25 

9. Materiau chauffant selon la revendication 6, 7 ou 8 selon un procede conforme a Tune quelconque des revendica- 
tions 1 a 5, dans lequel lesdites particules magnetiques ont une force coercitive He de 50 a 200 Oe et dans lequel 
la proportion de ladite particule magnetique dans ledit materiau chauffant est de 50 a 90% en poids. 

30 10. Materiau chauffant selon la revendication 6, 7 ou 8 ou selon un procede conforme a Tune quelconque des reven- 
dications 1 a 5, dans lequel lesdites particules magnetiques ont une force coercitive sup erieure a 200 Oe et dans 
lequel la teneur desdites particules magnetiques dans ledit materiau chauffant est dans la proportion allant de 
0,1% en poids a 50% en poids. 

35 11. Dispositif de chauffage pour coder de la resine, comportant une source de puissance a haute frequence (5) et un 
organe de chauffage connecte a ladite source de puissance a haute frequence et comprenant un noyau electro- 
magnetique (1) et une bobine inductrice (2). 

12. Element isolant colle comportant une piece en resine, une piece isolante faite de plastique, de plastique arme de 
40 fibres resistant a la chaleur, de bois, de verre ou de ceramique, et une couche adhesive comprenant un sandwich 
magnetique complexe, const itue d'une resine et de particules magnetiques choisies dans le groupe comprenant 
des particules d'oxyde de fer, des particules magnetiques et leur melange, place entre les deux autres couches; 
I'element etant obtenu en disposant ledit complexe magnetique, servant de materiau chauffant. sur la piece en 
resine a chauffer et en appliquant un champ magnetique alternatif audit materiau chauffant en utilisant des moyens 
45 de generation d'un champ magnetique comportant une source de puissance a haute frequence (5) operant a une 
frequence allant de 1 a 400 kHz et un organe de chauffage comprenant un noyau magnetique (1) et une bobine 
inductrice (2). 



50 



55 
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Fig. I 




Fig. 2 
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